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20. 


90. 


371.46 


-.32866-03 


so. 


20.- 


100. 


205.49 


-.2994005 


so. 


20. 


no. 


137.17 


-.30216-05 


so. 


20. 


120. 


108.35 


-.32046-05 


50. 


20. 


130. 


92.43 


-.3461C-03 


so. 


20. 


140. 


62.38 


--3749C-OS 


so. 


23. 


90. 


530.64 


-.2257T-Q5 


so. 


23. 


100. 


192.64 


-.18926-05 


so. 


23. 


no. 


129.54 




so. 


25. 


120. 


102.93 


-.18696-05 


50. 


25. 


130. 


68.25 


-.20036-03 



Ci 
C" "> 

-.25886-06 
.33886-06 
.79706-06 
.92766-06 
.10196-05 - 
.10976-05 • 
.11696-03 • 
.-1239C-05 • 
.13126-OS ■ 
.13916-03 • 

.11966-07 • 
.47436-07 ■ 
.59676-07 • 
.6S97O07 - 
.70406-07 - 
. 74276 -07 - 
.7809007 - 
.62106-07 - 
.86546-07 - 

.105CC-O7 - 
.12866-07 - 
.13612-07 - 
.1437C-07 - 
.14836-07 - 
.15306-07 - 
.1563007 - 



.43136-08 - 

.14616-08 
.17666-08 
.16666-08 
.14856-06 • 
.12806-06 - 



D. 

.1257t-C7 
-.399S6-C8 
-.10326-07 
■-1342C-07 
-.15256-07 
-.15536-07 
..1757C-C7 
-.1852007 
-.194TOC* 
-.20526-07 

-.22196-10 - 
-.17146-09 
.21626-09 
-.24196-09 
.2337C-09 
.2637009 
.27456-09 
.28396-09 
.29316-09 

.18646-10 
.2114010 
.2179010 
.21896-10 
.21806-10 
.21746-10 
.21606-10 



>11 
,37616-11 
.33366-11 
32860U 
3CSS6-U 
.26636-11 

.89166-12 
.9324012 
.76266-12 
. 38936- 12 
.430CC-12 



It 

-.2687009 
-.6660011 
.5914010 
.83946-10 
.99396-10 
. 107JOC9 
.11336-09 
.U63C-C9 
.12336-09 
.126*009 

-.5287E-12 

.24s;e-i2 

.35636-12 
.3887C-12 
.39956-13 
.4034012 
.4C63012 
.4109012 
.41696-12 

.1232013 
.15196-13 
.1474013 
.1397013 
.13236-13 
.12636-13 
.1216013 

.1334014 
.13866-14 
.11736-14 
.9957015 
.B54SE-13 
.74356-15 

.11456-15 
.21006-15 
.1411C-15 
.9079016 
-S43J016 
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St Xi 
(<*<S) (— «)C— 

*3. 5. 20. 

. 45. 5. 30. 

45. J. 40. 

«5. 5. SO. 

43. 5. 60. 

43. 5. 70. 

45. 5. SO. 

43. 3. 90. 

43. 3. 100. 

45. 5. UO. 

45. 10. 40. 
43. 10. 30. 
43. 10. 60. 
43. 10. 70. 
43. 10. BO. 
43. 10. 90. 
43. 10. 100. 
43. 10. 110. 

43. 13. 30. 
43. 13. 60. 
43. 15. TO. 
43. 13. SO. 
43. IS. 90. 
43. 13. 100. 
45. IS. IIO. 

43. 20. 70. 
45 . 20. 60. 
45 . 20. 90. 
4S. 20. 100. 
45. 20. UO. 

43 . 23. 70. 

45. 23. SO. 

45. 23. 90. 

45. 25. 100. 

45. 23. 110. 

45. 30. SO. 
45. 30. 90. 
43. 30. 100. 
45. 30. 110. 



-14.07 .6337E-04 
-23.36 -.2273E-05 - 
. -32.37 -.1112T-03 • 
-41.69 -.S372C-04 - 
-50.66 -.29741-0* • 
-39.34 -.173LE-04 « 
-66.22 -.1126X-06 - 
-76.66 -.7626C-07 - 
-64.68 -.S346X-07 - 
-92.71 -.3615C-07 - 



-29.70 
-39.37 
-49.43 
-59.23 ■ 
-69.06 ■ 
-76.63 ■ 
-48.33 - 
-96.21 • 

-37.14 
-47.94 - 
-36.92 - 
-70.03 - 
-64.40 - 
-93.03 - 
-103.10 - 

-SS.52 - 
-71.24 - 
-64.34 - 
-96.69 
-113.96 

-56.03 - 
-72.71 - 
-68.52 ■ 
-103.97 
-123.66 

-74.33 - 
-93.63 
-113.73 
-142.61 



.1136C-OS 
.S297I-06 



-.1831E-04 
-.10794-06 
-.6&33C-07 
-.42164-07 
-.2731X-07 

.1S6SV-OS - 
-.2737C-04 - 
-.1917C-04 « 
-.UQ6C-04 • 
».S2S2Z-07 
-.2SO4X-07 
-.9341X-08 

-.l*05«-0< : - 
-.9404C-C7 - 
.3312E-07 
.U7U-09 
.1690E-07 

.139SC-07 - 
.8724C-07 • 
.S779E-06 
.3482C-07 
.S374C-07 

.7385C-07 
. 3123T -07 
►7779C-07 
.95421-07 



-.3260X-03 
-.3124C-07 
-.2947E-08 
-.6130C-O9 
-.1602X-O9 
-.6336C-10 
-.24451-10 
-.95S0C-U 
-.3366C-U 
-.60Q2X-L2 

■. 3363C -07 
>.2O37Z-0Q 
-.3281C-09 
>.7903C-10 
-.1997C-10 
.2334C-11 
.3372C-U 
. 30*21- U 

.193QC-07 
.9943009 
.1213C-09 
.1332C-10 
.5973C-U 
.10B6O1O 
.U44C-10 

•.2643C-09 
•.1008E-10 
.1604C-10 
.1942X-10 
.1902Z-L0 

-.9389C-09 
.26UC-U 
. 29141-10 - 
.3134C-10 
C-10 



.3 946* -07 • 
.1337* -09 - 
.4969C-11 - 
.S444C-U • 
.U15C-12 - 
.3316X-13 - 
.1232Z-U 
.S336C-U 
.2766C-14 
14 



.95911-10 • 
.30344-11 • 
.2409C-12 ■ 
.3S94C-13 - 
.9447C-14 
.36Q3C-14 
.19194-14 
.1094C-14 



.12721-10 - 
.S061C-10 • 
.57164-10 • 
C-10 - 



-10 < 

:-u « 

.6499C-U - 
.67934-14 
.2324E-M 
.1513C-14 
.1019C-14 

.194CC-12 - 

.432&C-14 
.1021K-14 
.14994-14 
.LU9C-14 

.8144X-12 - 
.1233X-14 
.33641-13 
.L219C-14 
.4363X-15 

.3691Z-14 
.4172Z-14 
.47434-14 
.7467E-14 



ft 



SO. 5. 

50. 5. 

SO. 5. 

50. 5. 



SO. S. 60. 
SO. 5. 90. 
SO. S. 100. 

so. s. no. 

SO. 3. 120. 
SO. 3. 130. 
SO. S. 140. 

SO. 10. 60. 

SO. 10. 70. 

SO. 10. 60. 

SO. 10. 90. 

SO. 10. 100. 

so. us. no. 

SO. 10. 120. 
SO. 10. 130. 
SO. lO. 140. 



-26.54 
-33.61 
-40.34 
-44.72 
-52.66 
-56. 13 
-42.97 
-47.09 
-70.31 
-72.40 
-73.07 

-38.77 
-43.73 
-32,31 
-58.44 
-44.03 
-44.93 
-72,99 
-73.97 
-77.54 



(- 



0i 



43. 33. 
45. 35. 



60. 
90. 



-76.92 -.66061-07 
-100.30 .14244-07 



-10 -.3033Z-13 
.14474-09 -.64444-13 



SO. 13. 

SO. 13. 

50. 13. 

50. 13. 

50. 13. 

SO. 13. 

SO. 13. 

50. 20. 
30. 20. 
SO. 20. 
50. 20. 
SO, 20. 
SO. 20. 

50. 23. 
30. 23. 
SO. 23. 
30. 23. 
30. 23. 



90. 
100. 

no. 

120. 
130.. 
140. 

90. 
100. 



140. 

90. 
100. 
UO. 
120. 
130. 



-51.90 
-54.61 
-43.24 
-71.06 
-76.17 
•40.23 
-63-08 

-59.23 
-44.67 
-73.64 
-60.02 
-43.34 
-90,01 



-74.73 
-44.72 
-97.22 



45. 40. 80. -40.12 -.16544-06 .34074-09 -.16444-12 



.9049C-06 
.29544-07 
.1704C-O7 
.44234-07 
.63174-07 
.7342E-07 
.66094-07 
.964Oc-07 
.1077T-06 
.1163C-04 
.8390E-07 

.S343C-04 
. 50914 -07 
.3739C-07 
.37664-07 
.7354C-07 
.90234-07 
.10464-06 
.1209C-O6 
-13694-06 

.31314-07 
-3347E-07 
.63964-07 
.47324-07 
.106 14-06 
.12464-06 
.14614-06 

.1602E-07 
.SO76C-07 
.S91C4-07 
.11244-04 
.13044-04 
.1SGS4-06 

.L219C-06 
.3349C-07 
•93S5C-C7 
.U694-06 
-1236E-06 



-.1601C-07 
-.13064-08 
-.99464-10 
.S013C-10 
.63364-10 
.61244-10 
.36744-10 
.S613t>10 
.62544-10 
.85571- 10 - 
.1770E-09 ■ 

-.96234-10 
. HU/t-OS ' 
.93394-10 • 
.73264-10 - 
.S967C-10 - 
.S370C-10 - 
.35474-10 - 
.734SC-10 - 

.3346C-U - 
.12934-09 - 
.91144-10 - 
.62744-10 
.47C4E-10 
.39071-10 
.3690C-10 

.1381T-09 
.U23E-09 
.4594C-10 ■ 
.4406C-10 
.3347C-10 - 
.26 LLC- 10 . 

•-96C7T-10 
.1417C-09 - 
.7427E-10 - 
.S410E-10 - 
.3342Z-10 - 



.49O7E-10 
.2200C-U 
.1127C-13 
■.S96&E-13 
.6293C-13 
-.414&C-13 
.2977E-13 
.2453C-13 
.24J7E.U 
.3160C-13 
.64 ICC -13 

.4054C-11 
.7146C-13 
.9S11E-U 
.6274C-13 
.3734E-13 
.2447E-13 

.lasoc-u 

-1732E-13 
.2262Z-13 



14 

--633U-13 
-.4444£-U 
--2342X-U 
-.US4C-13 
-.92C2E-14 
■-7910E-14 

•.6321C-13 
'.323SE-U 
••2189C-U 
-.9923C-14 
.S32CE-14 
.3443C-14 

.3991C-13 - 
.6211X-13 
.2162X-13 

.10T7C-13 



-.5673E-U 
-.1S28E-14 
.S4CSC-16 
.6317E-16 
.42S9C-16 
.2221E-16 
-1279C-16 
.8416E-17 
. 6571 E- 17 
.6557E-17 
.9997C-17 

-.1964E-14 
-.9669E-17 
.4346E-16 
.2466C-16 
.U23E-16 
.7697E-17 
.S049E-17 
.3967E-17 
.4064E-17 

-9794E-17 
.2606E-16 
.U44C-16 
.6924E-17 
.393 IE- 17 
.2326E-17 
.1912C-17 

.2229E-16 
.1360C-16 
.6225E-17 
.3174E-17 
.1B50E-17 
.1212E-17 



-837LE-17 

.1410E-16 

.5902C-17 

.3266E-17- 

.240SE-17 



C5t Kt Xt 







40. 5. 


20. 


*0. 5. 


30. 


40. 5. 


40. 


40. 3. 


SO. 


♦0. 5. 


60. 


40. 5. 


70. 


40. 5. 


00. 


iO. 5. 


50. 


40. 5. 


100. 


40. 10. 


30. 


40. 10. 


40. 


40. 10. 


50. 


40. 10. 


60. 


40. 1C. 


70. 


40. 10. 


60. 


40. 10. 


90. 


40. 10. 


100. 


40. IS. 


40. 


40. 13. 


SO. 


40. 13. 


60. 


40. 15. 


70.- 


40. IS. 


60. 


40. 15. 


90. 


40. 15. 


LOO. 


40. 20. 


50. 


40. 20. 


60. 


40. 20. 


70. 


40. 20. 


60. 


40. 20. 


90. 


40. 20. 100. 



40. 25. 50. 
40. 25. 60. 
40. 25. 70. 
40. 25. 80. 
40. 25. 90. 
40. 25. 100. 

40. 30. 60. 

40. 30. 70. 

40. X. 80. 

40. 30. 90. 

40. 30. 100. 

40. 35. 60. 
40. 35. 70. 
40. 35 . 60. 
40. 35. 90. 
40. 33. 100. 

40. 40. 60. 



) <~*> 

6.77 
9.40 
U.78 
13.69 
13.72 
17.25 
18.46 
19.34 
19.67 

10.02 
12.33 
14.41 
16.16 
17.66 
16.63 
19.66 
20.13 

12.91 
14.92 
16.64 
16.07 
19.19 
19.96 
20.42 

13.42 
17.09 
18.48 
19.35 
20.29 
20.69 



m 7 

As 



55 8 



-1427E-C2 
.1492C-02 
.141CC-02 
.1330C-02 
. 1259C-02 
.122SE-02 
.1193E-02 
.1169E-02 
.1150C-O2 

.128SC-C2 
.1366C-02 
.1394C-C2 
.1369E-03 • 
.1339C-02 ■ 
.1312C-C2 - 
.12891-02 • 
.1249C-02 • 

.1334X-02 - 
.1424E-02 - 
.1454E-02 - 
.1451E-02 - 
.1437E-02 - 
.1421E-02 - 
.1404E-02 - 

.1437E-02 
.1329E-02 
.1346E-02 
.1S74E-02 
.1570C-O2 
.1342C-02 



-.79X1E-06 
-.66S6E-06 
-.5626C-06 
-.3713E-06 
-.2S93E-C6 
-.1S10E-O6 
-.1470E-06 
-.U74E-06 
-.5fi7BC-C7 

-.9483C-06 
-.3088Z-06 
-.2767C^)6 



15.91 
17.54 
18.87 
19.90 
20.59 
20.95 

17.97 
19.26 
20.24 
20.69 
21.21 

16.40 
19.64 
20. sa 
21.19 
21.46 



.1625E-02 
.1598C-02 
.1690C-02 
.173OC-02 
.1745E-02 
.1730C-O2 

.1649C-C2 - 
. 183 ST -02 - 
.1920E-02 • 
.1961E-02 • 
.1984E-02 • 

.1777X-02 - 
.2O76E-02 - 
.22S6C-02 - 
.r313E-02 - 
.2326E-02 - 



-.1763E-06 
-.1434C-06 
.U94C-06 
-1C21E-06 

.63COC-06 
.217CE-06 
.20CCE-O6 
.169OC-06 
.1420C-06 
.1213C-06 
.1C36E-C6 

-.2912E-06 
-.1638C-06 
-.1667EK14 
-.1414T-C6 
-.1212E-06 
-.1061C-06 

-.279SE-OS 
-.19O7E-06 
-.1677E-06 
-.1412E-06 
-.US5C-06 
-.1016C-06 

■.22B1E-06 
.1832C-06 
.1609E-06 
.129 IE -06 
-10HC-06 

.4626E-06 
.3608C-06 
.6622E-06 
.4642C-06 
.2843C-06 



.704eE-07 
.4391E-08 
.1U1E-O0 
.4146C-09 
.1919E-C9 
-1C33E-09 
.616OE-10 
-4C23E-10 
.2611X-10 

.2364C-07 
-1477E-C4 - 
.4222X-09 - 
.192SE-09 • 
•1072E-09 - 
.6471C-10 - 
.4449C-10 - 
.3342C-10 - 



Da 

--3921E-09 
-.3232E-11 
--2971E-12 
-.8179E-13 
--3302C-13 
--164SE-U 
-.9093E-14 
-.S496E-14 

-.3saec-i4 

-9307E-10 
.103SE-11 
.9316C-13 
.3046C-U 
.1370E-13 
•9273C-14 
.3443t-14 
.4034X-14 



.2300E-U 
.9&SSE-14 
.3216E-1S 
.4626C-16 
.1319E-16 
.4972E-17 
.2124E-17 
-1006E-17 
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SPECIFICATION 

1. Title of the Invention OPTICAL SCANNING DEVICE 

2. Claims 

( 1 ) An optical scanning device comprising a light 
source for emitting a thin light beam, a deflector for 
deflecting the light beam in a predetermined direction in 
order to perform scanning, and a scanning lens for forming 
the light beam deflected by the deflector into an image on 
a scanning plane surface, wherein the scanning lens is a 
single lens which has a strain characteristic allowing the 
light beam deflected on the basis of a rotational 
characteristic particular to the deflector to move along 
the scanning plane surface at a constant speed and has 
both surfaces that are shaped. to be spherical so that the 
curvature of field is close to zero or zero at any 
location on the scanning plane surface to the light beam. 
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(2) An optical scanning device according to Claim 1, 
wherein the thin light beam emitted from the light source 
is a parallel light beam prior to the incidence on the 
scanning lens. 

3. Detailed Description of the Invention 
[Industrial Field of the Invention] 

The present invention relates to an optical scanning 
device for use in a laser beam printer or the like. More 
particularly, the present invention relates to a scanning 
lens system, _ 

[Background of the Invention] 

Laser beam printers, which deflects a laser beam for 
scanning to record scan image information at a high speed/ 
have excellent features such as high-speed and high 
resolution recording of image information at a low noise 
level, and as their price goes down, the demand for the 
laser beam printers is rapidly growing. Accordingly, 
there is an increasing demand for smaller and low cost 
optical scanning devices serving as optical write heads 
which are an important component part of the printer. The 
component parts of an optical scanning device are roughly 
a light source, a deflector, and a scanning lens system, 
and the size and cost of optical scanning devices can be 
effectively reduced by simplifying the structure of the 
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optical lens system. 

The scanning lens system must have a strain 
characteristic which allows an optical spot to move at 
uniform velocity along the scanning surface on the basis 
of the rotational characteristics of the deflector/ For 
example, when the deflector is a rotating polygon mirror 
and the optical beam is being deflected at a uniform 
angular velocity, the strain characteristics of the 
scanning lens system is provided such that the deflecting 
angle 6 and the image height Y are proportional to each 
other. In addition, the scanning lens system must be able 
to uniformly form an optical spot into an image of a 
predetermined size at any location on the scanning plane. 
Further when a rotational polygon mirror deflector is 
used, the scanning lens system must be able to compensate 
for variations that occur in the tilting of each face of 
the polygon ( surface tilt ) . Consequently, conventional 
scanning lenses having the above-described characteristics 
as well as providing high resolution and performance were 
inevitably large, and complicated in structure, and 
costly. 

[Description of the Related Art] 
As disclosed in Japanese Patent Unexamined 
Publication Nos. 54-98627, 55-7727, 58-5706, and the like, 
attempts have been made to form the scanning lens into a 
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single lens. According to Japanese Patent Unexamined 
Publication No. 54-98627, when a deflector with a 
sinusoidally oscillating characteristic is used, it is 
possible to properly correct aberrations in terms of 
various parameter values of, for example, the shape 
thereof, making use of the rotational characteristics of 
the deflector. A rotating polygon deflector, now being 
widely used due to its high speed performance employs the 
lens formed in an aspherical shape to meet its constant 
angular speed rotational characteristics, and finds 
special applications under limitations, and the lens 
cannot be produced satisfying various requirements related 
to the dimensions of the optical system, the light source, 
the dot size or the like. 

It cannot be really said that the scanning lens 
disclosed in Japanese Patent Unexamined Publication No. 55 
7727, being a fG plano-convex lens, has excellent imaging 
performance due to the curvature of field or the like. 

The scanning lens disclosed in Japanese Patent 
Unexamined Publication No. 58-5706, being a fG meniscus 
lens and having a positive refractive power, has a problem 
in that sagittal curvature of field occurs. To overcome 
such a problem, there must also be provided a cylindrical 
lens, which also functions as an optical system for 
correcting variations in the tilting of the surfaces of 
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the polygon mirror. In addition, in all of the above- 
described three examples, an additional lens must be 
provided in order to correct variations in the tilting of 
the surfaces, so that the lens system is no longer a 
single lens system. Though it is possible to increase 
the length of the optical axis and narrow the deflection 
angle to keep the aberration within tolerance, this is not 
preferable since this leads to an increase in the overall 
size of the optical system. 

Consideration should be given to the material of the 
above-described lens systems. Conventional scanning 
lenses are made of glass. However, the use of glass 
results in high manufacturing costs, such as high grinding 
costs, since the optical system must be produced very 
precisely in order to provide the required diffraction 
limit performance. The use of, for example, 
polymethylmethacrylate (PMMA), polycarbonate, or 
polystyrene plastics makes it possible to mass-produce 
scanning lenses by injection molding at a very low cost. 
However, there are not many types of optical plastic 
materials, and plastic materials have a mall index of 
refraction compared to that of glass. Therefore, it is 
more difficult to produce a smaller optical system with 
fewer lenses compared to when glass is used to produce the 
optical system. 
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In summary, there is a demand for a lens system of a 
single lens having a shape with a high degree of freedom, 
which allows proper correction of aberrations even when 
its optical axis is short and regardless of the index of 
refraction of the material thereof. 

[Problems to be Solved by the Invention] 

In view of the above-described problems, an object of 
the present invention is to provide an optical scanning 
device and, more particularly, a scanning lens, which is 
low cost and provides high performance. 

To this end, according to the present invention, 
there is provided an optical scanning device comprising a 
light source which emits a thin light beam, a deflector 
for deflecting the light beam in a predetermined direction 
in order to perform scanning, a scanning lens for imaging 
the light beam deflected by the deflector along a plane 
surface to be scanned. The scanning lens has strain 
characteristics allowing the light beam deflected based on 
the particular rotational characteristics of the deflector 
to move at a constant speed along the plane surface to be 
scanned, and comprises a single lens, both sides of which 
are aspherieal so that the curvature of field is close to 
zero or zero at any location on the scanning plane 
surface. It is preferable that the thin light beam 
emitted from the light source is a parallel light beam. 



[Means for Solving the Problem] 

The optical scanning device of the present invention 
comprises a light source for emitting a thin light beam, a 
deflector for deflecting the light beam in a predetermined 
direction in order to perform scanning, and a scanning 
lens, being a single lens, for forming the light beam 
deflected by the deflector into an image on a scanning 
plane surface, wherein the scanning lens has a strain 
characteristic allowing the light beam deflected on the 
basis of a rotational characteristic particular to the 
deflector to move along the scanning plane surface at a 
constant speed, and has both surfaces that are shaped to 
be spherical so that the curvature of field is close to 
zero or zero at any location on the scanning plane surface 
to the light beam. The thin light beam emitted from the 
light source is preferably a parallel light beam prior to 
the incidence on the scanning lens. 

[Description of the Embodiments] 

A description will now be given of the principles of 
the present invention, with reference to Figs. 1 to 4. 

The scanning lens has a strain characteristic which 
allows imaging of a light beam deflected by a deflector on 
the basis of, for example, a constant angular speed 
rotational characteristic or sinusoidal oscillation 
rotational characteristic along a scanning plane surface, 



- 8 - 



without any curvature of field, or scanning of an image 
point on the scanning plane surface at constant speed. 
For example, when the deflector is a rotating polygon 
mirror, as shown in Fig. 1, the light beam emitted from a 
light source is reflected by a mirror surface S M at a 
deflecting angle of 9 in accordance with the rotation of 
the polygon mirror 5. The scanning lens 1 is set such that 
the light beam forms an image at point r T 1 on the scanning 
plane surface, where the coordinate value Y is 
proportional to the deflecting angle 0. The scanning lens 
of the present invention comprises a single lens having . _ 
reduced aberration and allowing wide angle deflection, in 
which the advantages of making both surfaces S 1 and S 2 of 
the lens into aspherical surfaces, as shown in Fig. 1, are 
utilized to the utmost, based on the principles to be 
described below. 

On the assumption that the scanning light beam is 
very thin, the first structural principle of the shape of 
the surface of the lens of the present invention is 
represented only by the parameters of the position and 
direction of the primary light beam and the imaging 
distance, in which the tilting and curvature are 
determined in terms of a point on the lens surface, while 
changing the direction or imaging distance for only the 
primary light beam that passes through the point. In 
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terms of correcting aberration, this means that the 
curvature of field and distortion including higher order 
terms are completely corrected while disregarding 
spherical aberration and coma. The above-described 
assumption generally holds true for the scanning optical 
system of, for example, a laser beam printer. 

In addition, in the scanning lens system, the primary 
light beam deflected at any deflection angle is always on 
the same plane (called the meridional plane), so that 
based on the assumption that the light beam is very thin, 
the point where the tilting and the curvature are 
specified is on a curve formed where the meridional plane 
and the lens plane intersect each other. Therefore, 
according to the second structural principle of the 
present invention, generating a curve on the meridional 
plane and determining the tilting and the curvature within 
the meridional plane in terms of a point on the curve 
allows the above-described object of the scanning lens to 
be achieved. In addition, when the curvature on a cross, 
sectional plane (sagittal cross section) perpendicular to 
the meridional plane, including the primary light beam, is 
determined in terms of the point, a surface is produced. 

However, the lens surface position within the 
meridional plane is determined by continuously plotting 
the tilting and the curvature factors in the meridional 
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direction, so that they cannot be determined separately. 
However, the sagittal section curvature can be handled 
separately therefrom. Therefore, it is apparent that an 
optical system in which the form of the lens in the 
meridional plane alone is determined using the above- 
described first and second principles is also included 
within the scope of the present invention. 

A description will now be given in detail of the 
structural principles of the lens in accordance with the 
present invention, with reference to the perspective view 
of Fig. 2. 

Referring to Fig. 1, the light beam {L^} is 
converted into light beam {1^} by the surface The 
imaging distance measured from T. of the light beam {L t } is 
represented by g mi for the meridional light beam and by g si 
for the sagittal light beam. In general, g mi and g si are 
not equal. Since the light beam {L L } is very thin as 
mentioned above, when the light beam {L.} is treated, only 
the primary light beam L ci and the imaging distances g roi and 
g si for the meridional light beam and the sagittal light 
beam need, respectively, to.be considered. The direction 
of the primary light beam L xi after passage through the 
surface S t can be controlled by normal direction of e £ at 
T. of the surface The imaging distances g mi and g si can 

be controlled by the meridional section radius of 



curvature R ml and the sagittal section radius of curvature 
R si at T t of the surface S A . Therefore, it is posisible that 
a light beam deflected at a certain angle form an image at 
a location where scanning is performed at a constant speed 
on the scanning plane surface, based on the position and 
its differential value of one point on the lens surface 
(normal line direction and curvature). Differential 
quantities for other points are plotted in order to 
achieve imaging at locations where one light beam 
deflected at a certain angle can scan at a constant speed, 
whereby the shape of the lens is determined. -This is the 
first structural principle. 

As mentioned above, the primary light beam L CI does 
not move away from the meridional plane, so that the 
normal line vector e A of the surface S L is also located 
within the meridional plane, with the degree, of freedom of 
tilting being 1 at an angle of a. formed by the optical 
axis and the normal vector, as shown in Fig. 2. Since the 
meridional section curvature of the surface Si is the 
differential value of the tilting angle a t of the surface 
S if and the tilting a L is the differential value of the 
location of the surface S t on the meridional plane, 
specifying the tilting and curvature of the surface in the 
meridional direction is after all the same as generating a 
two-dimensional curve on the meridional plane by solving a 
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differential equation. On the other hand, the sagittal 
section curvature is determined independent of the value 
of the above-described curve, so that after generation of 
the curve, the curvature is determined for each point on 
the curve. This is the second structural principle. 

As can be understood from the foregoing description, 
the scanning lens is realized based on the above-described 
structural principles. The scanning lens may be a single 
lens whose surfaces are both aspherical in form, as 
illustrated in Fig. 3. Referring to Fig. 3, the figure 
plane represents the meridional plane. 

Within the meridional plane, there are two degrees of 
freedom in which the coordinate value Y 1 of the point of 
intersection T x of the primary light beam L ci and the 
scanning plane surface S x , and T x form the imaging point. 
For example, in order to control the scanning position Y x 
of the light beam deflected by any angle G, the tilting a ± 
is specified of every location of the surface, and each 
factor is continuously plotted, so that when the boundary 
conditions (for example, that the tilting is zero at the 
coordinate value X t at the point of intersection P 1 with 
the optical axis) are specified, the lens shape is 
completely formed as surface S lf with the result that the 
radius of curvature R ral of that surface cannot be 
specified, causing the light beam to form an image at a 
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point Tj which is not on the scanning plane surface. On 
the contrary, when the radius of curvature R ml of every 
location of the surface is specified in order to control 
the imaging point, the tilting a x of the surface cannot be 
specified. Accordingly, in order to control one degree of 
freedom among the various parameters of the light beam 
with any deflection angle 9, one surface is required, so 
that in order to control two degrees of freedom, at least 
two lens surfaces are required. 

A description will now be given of sagittal light 
beams. One degree of freedom of the sagittal direction 
imaging distance g sl is to be controlled, and can be 
controlled, while maintaining the shape of the curve, by 
generating a curve vertically to the curve on the 
meridional plane, so that it is not necessary to add 
another surface to the aforementioned two surfaces. 

The lens system of a single lens with only two lens 
surfaces thus works. The tilting and curvature values 
have been determined for every location of the two lens 
surfaces, so that both surfaces of the single lens must be 
aspherical . 

A description will now be given of the symmetry of 
the two aspherical surfaces of the single lens having the 
abovedescribed construction. When two curves are 
generated within the meridional plane and rotated around 
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an axis, such as the optical axis, as center, the degree 
of freedom of the radius of curvature in the sagittal 
direction is lost. Therefore, when the aspherical surfaces 
are made symmetrical, the imaging of the sagittal light, 
beams cannot be controlled, resulting in sagittal 
curvature of field. Since the light beams are always 
located on the meridional plane, the surfaces are 
obviously symmetrical on the meridional plane. In 
addition, since when the deflecting angle of the light 
beam passing the optical axis is defined as 0, the light 
beam passing at an angle 6 and that passing at an angle -6 
pass under the same conditions, so that the surfaces are 
symmetrical with respect to a plane perpendicular to the 
meridional plane including the optical axis. Accordingly, 
the scanning lens of the present invention are not 
symmetrical except on the two planes, so that it is 
possible to completely correct sagittal curvature of 
field, meridional curvature of field, and distortion. 

A description will now be given, of a particular 
method for realizing the shape of the single scanning lens 
with aspherical surfaces of the present invention, with 
reference to Fig. 4. A description will also be given of 
a method for generating two curves on the meridional 
plane. Referring to Fig. 4, the lens surfaces S x and S 2 are 
defined by the relationship between the lengths S 1 and S 2 
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of the curves drawn from the intersection points P x and P 2 
with the optical axis, respectively, and the tilting 
angles a x and a 2 measured from lines perpendicular to the 
optical axis. Describing this in terms of orthogonal 
coordinates, when the origins for the surfaces S x and S 2 
are defined as P x and P 2 , respectively, and the optical 
axis is defined as the x-axis and the direction of height 
of the lens as the y-axis, the coordinates (x x , y x ), and 
(x 2 , y 2 ) of points P x and P 2 are determined by Formula (1): 

*i = f o ~sinoc 1 ds l ~ - - - - -- - - 

y 1 =j t ^'cosoc l ds 1 

f S2 . (1) 

x z = J o sinoc 2 ds 2 
y 2 -l cosoc 2 ds 2 

J 0 

As shown in Fig. 4, when the light beam L t (i = 0, 1, 
2), emitted from emitting point P M on the optical axis at a 
deflecting angle 9 and at a meridional imaging distance 
g m0 , intersects the surfaces at T x and T 2 on S x and S 2 , 
respectively, in order to arrive at T z of the location 
and direction of the outgoing light beam are expressed as 
follows : 
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/ cos 6\ 
\ si 6 / 



/ 



cos 

si e 1 j 



( cos e 2 " 
, si e 2 j 



(2) 



The radius of curvatures of the meridional cross sections 
at T x and T 2 on the surfaces S x and S 2 are defined as R ml and 
R m2 , and the meridional imaging distances are defined as g ml 
- - and g m2 . _ _ _ _ _ 

In accordance with the above-described method, the 
structural principle for the form of the aforementioned 
lens can be expressed in a formula which consists of six 
items described separately below. 

(1) The light beam direction is controlled based on the 
tilting of the surfaces at the points of intersection of 
the light beam and the surfaces S 1 and S 2 . 

(2) The imaging distance of the light beam is controlled 
based on the curvature at the points of intersection of 
the light beam and the surfaces S x and S 2 . 

(3) Coordinates of the points of intersection of the light 
beam and the surfaces are the same. 

(4) Each point is plotted continuously and smoothly along 
the surface. 
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( 5 ) Light beam forms an image on the scanning plane 
surface. 

(6) Imaging point on the scanning plane surface is scanned 
at a constant speed. 

For ( 1 ) , the relationships between the tilting of the 
refraction surface and the light beam direction are 
expressed by Formulas (3) and (4) by application of a 
well-known law of refraction to the intersection points of 
the surfaces S 1 and S 2 and L x and L 2 . 

sin (a : -6)=72sin (c^-e^ :S X surface (3) 
n sin (a 2 -6 1 )= sin (a 2 -6 2 ) : S 2 surface (4) 

where n is the index of refraction of the material of the 
lens. 

For ( 2 ) , the relationships between the curvature of 
the surface and the imaging distance of the light beam are 
determined by Formulas (5) and (6) by application of the 
relational formula of the meridional imaging distance 
measured when a thin light beam is directed obliquely to a 
curved surface to the S x and S 2 surfaces: 
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n cos 




(5) 



SI surface 



cos 



(6) 



S2 surface 



For ( 3 ) , when the orthogonal coordinate values 
calculated in Formula (1) are equal to the orthogonal 
coordinate values of the refraction points of the light 
beam calculated by Formula (2), the following formulas 
(7), (8), (9) and (10) hold. 




(7) 




(8) 




(9) 
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cos a 2 ds 2 



(10) 



In the formulas, X x represents the x coordinate of the 
point of intersection of the surface S x and the optical 
axis, and X 2 represents the x coordinate of the point of 
intersection of the surface S 2 and the optical axis. 

For (4), the condition for forming a continuous 
surface is that the formulas (7) to (10) can be 
integrated. The condition for forming a smooth surface is 
that a r and g 2 can be differentiated. Therefore, 



For ( 5 ) , the image point on the scanning image plane 
surface is scanned at a constant speed, when the point of 
intersection (X lf Y x ) of the image plane and the light beam 
is expressed by Formulas (13) and (14): 



dsl R m 



-ml 



(ii) 



da 2 _ i 



(12) 



ds2 R, 



x^n z cos e 2 +? x cos e^GoCos e 



(13) 



y^sin 02+^sin O^sin 0 



(14) 



and using the rotational characteristic of the deflector 
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expressed by Formula (15): 

B=F(x) (15) 

the scanning point position Y x is expressed by Formula 
(16): 

Y^KT' 1 (6) (16) 

where F" 1 is an inverse function of F, i is the time 
parameter, and K is an appropriate proportional constant. 
For example, when the rotational characteristic is a 
constant angular speed deflection, then, as represented by 
Formula (17): 

F{t)=ut co: angular velocity (17) 

Therefore, 

0) 

= fQ f=* : constant (18) 
co 

In Formula ( 13 ) , the X represents the optical axis length 
to the x coordinate of the scanning surface. 

For (6), the condition allowing image formation on 
the scanning plane surface is satisfied when the 
meridional light beam imaging distance g m2 of Formula (6) 
is equal to 1 2 appearing in Formulas (13) and (14). 



- 21 - 



That is, 

As described above, the structural principles of the 
shape of a lens of the present invention are expressed by 
14 Formulas, Formulas (3), (4), (5), (6), (7), (8), (9), 
(10), (11), (12), (13), (14), (16), and (19). When 
calculations are performed using these formulas, the shape 
of the lens can be directly expressed in some way. Of the 
variables appearing in the formulas, the deflecting angle 
9, and the meridional imaging distance g m0 are known sinbe 
they are determined when light is emitted. The optical 
axis length X Ir the points of intersection X x and X 2 of the 
surfaces S 1 and S 2 and the optical axis, and the constant 
speed scanning constant K are fixed values which do not 
depend on the deflecting angle 9 . Therefore, the 
remaining 14 values 9,, 9 2 , a lf a 2 , s x , s 2 , g ml , g ro2 , 1 0 , l lf 
^2f R mi/ R m2 and Y i are unknown. The aforementioned 14 
formulas are all independent, so that simultaneous 
equations are solved in order to allow the 14 variables 
above to be expressed as a function of, for example, the 
deflecting angle 9. Therefore, for example, when the 
surface S 1 is to be expressed, the surface S x is placed in 
opposition to the relationship between the tilting a x and 
the distance S l measured along the surface from the optical 
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axis, with the deflecting angle 0 as parameter. 

The above-described 14 element simultaneous equations 
are non-linear and includes differential as well as 
integral terms, so that they cannot be directly solved, 
making it necessary to use numerical solution methods. 
There are various numerical solution methods, and the 
present invention is not limited to a particular numerical 
solution method. Numerical integration in a differential 
vector field will be described as an example thereof in 
order to actually solve the equation numerically, whereby 
the shape of the lens is obtained. 

Calculation in a differential vector field means to 
determine the next variable as a result of expressing all 
of the equations in differential form, so that all of the 
present variables known, and calculating the differentials 
thereof. When the 14 equations are expressed in 
differential form, Formulas (3) and (4) are transformed 
into Formulas (20) and (21): 

(do^-dd) cos (o^-dB) =n(dot 1 -dQ l ) cos (c^-ej (20) 
n{ckx 2 -dQ l ) cos (c^-G^ = {dcx 2 -dQ 2 ) cos (a 2 -6 2 ) (21) 

Combining Formulas (5) and (6) and Formulas (11) and 
(12), respectively, results in Formulas (22) and (23): 
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n cos 2 (a, -6, ) cos 2 (a,-G 1 ) , 

—± — it-dsr , ds^in cos(a.,-9) -cosfcq-e)}^, (22) 

9ml 9mO~K ' 11 



cos 2 (a,-6,) cos 2 (a, -9,) , 

2 2> ds 2 = \ 1 ds 2 Acos (a 2 -6 2 ) -73 cos (c^-e^ld^ (23) 



where g ml are eliminated by solving the equations (22) and 
(23) as a simultaneous equation. 

Formulas (7) to (10) are respectively transformed in 
Formulas (24) to (27): 

dH 0 cos 6-C 0 sin QdQ=sinoc-jJs 1 (24) 
tf£ 0 sin 6+t 0 cos 0d9=cosa 1 cte 1 (25) 
c/^cos e^^sin 0^, + a^cos e-C 0 sin 0<20=sin a 2 ds 2 (26) 
a^sin e^^cos Q x dB dl 0 sin 0+<! o cos 0a9=cos oc 2 ds 2 (27) 

Formulas (13) and (14) are transformed in Formulas (28) 
and (29): 

O = c/C 2 cos 6 2 -{ 2 sin e 2 dd 2 +dH 1 cos e^' 
^sin GidB^dJoCOS. 0-( o sin 0dQ (28) 

dY^d^sin 0 2 +f 2 cos 8 2 ciB 2 +d? 1 sin 0 t + 

^cos Q^^dioSin 8 + ? 0 cos QdQ (29) 

Formula (16) is transformed into Formula (30): 
dY x = KCF- 1 (6)}d9 
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Formula (19) only needs to be substituted. In Formulas 
(20) to (30) , the unknown differential variables are de^ 
de 2 , da lf da 2/ ds x , ds 2 , dl 0 , dl x , dl 2 , and ■dY 1 . Formulas 
(20) to (30) are all first degree equations, except 
Formulas (22) and (23) which are formed into a 
simultaneous equation of the second degree, so that they 
can be easily solved. For example, dd 1 can be expressed by 
Formula (31) on the basis of the known differential 
variable d0: 



Therefore, when, for example, Q 1 is integrated as in 
Formula (32): 



the deflecting angle 9 can be expressed as a parameter. 
Here, 8^ represents an initial value. In the actual 
calculation, the initial value can be calculated by 
numerical integration, when 6 lf 6 2 , a lf a 2 , s 1 and s 2 are 
defined as zero, and 1 0 , l x , and 1 2 are transformed using 
the aforementioned X lf X 2 , and X lf so that as in Formula 
(33): 



dQ^FQ x ( 6 X ,6 2 , a x ,a 2 , s lf s 2 , C 0 J lf Jl 2 ) •dd . ( 31) 




(32) 



r 2 =x r x 2 



(33) 
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The meridional plane curve of the shape of the lens 
of the present invention has been described in detail 
above. The constants n, X x , X 2 , x lf g roo , and K that have 
appeared in the description are the degrees of freedom 
that the shape of the lens of the present invention can 
take. More specifically, one lens shape exists for one 
proper set of constants {X x *, X 2 \ x t \ g m0 % K*} , making it 
obvious that all the lens shapes defined by the different 
sets including these constants are included within the 
scope of the present invention. 

The meridional initial imaging distance g m0 * is set at 
infinity. More specifically, when the meridional light 
beam before entrance into the scanning lens is assumed as 
being a parallel light beam, the beam diameter or the like 
becomes very easy to control, thus making the optical 
system easy to handle. It is obvious that the scanning 
lens of the present invention can also be applied to 
parallel light beams. 

A description will now be given of the method of 
determining the sagittal cross section curvature radius R sl 
and R s2 for controlling the sagittal imaging distance. The 
relational formulas of the meridional imaging distances 
for a thin light beam obliquely entering a surface has 
been expressed in Formulas (5) and (6). For the sagittal 
imaging distances, the Formulas (34) and (35) hold: 
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n . 1 + n cos (a^ej -cos' (a^B) 

51 SURFACE 

1 _ n ^ cos (a 2 -9 2 ) -/7 cos (o^-e^ . 

52 SURFACE 

In order for an imaging point in the sagittal 
dimension to be present on the scanning plane surface, the 
following condition must hold.: 

9 S2 ^2 (36) 

The sagittal section curvature radius R sl and R s2 are 
determined using Formulas (34), (35), and (36). In the 
formulas, 1 0 , l x , 1 2 , a x , a 2 , 6, G x , and 6 2 are known since 
the meridional plane curvatures have been already 
determined by the aforementioned method, and g s0 has 
already been given, so that there are four unknown terms 
3si/ 9s2' R si* and R s2 . Therefore, there is a redundant 
degree of freedom with respect to the three formulas, and 
a suitable value is set for one of the unknown terms. For 
example, in order to form a simple surface shape, when R sl 
is always set at infinity and the second term from the - 
right side of Formula (34) is 0, the first surface will 
not be curved in the sagittal dimension. 

The initial sagittal imaging distance g s0 can be given 
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any value, but when a deflector is a rotating polygon 
mirror, making 

g s0 = o 

allows correction of surface tilting since the mirror 
reflecting point and scanning point form a conjugate image 
point. 

[Examples] 

A description will now be given of the Examples in 
which calculations have been made of the lens surfaces 
based on the structural principles for the shapes of the 
lens of the present invention, with reference to Tables 1 
to 9 and Figs. 5 to 12. 

As described above, in determining the shape of the 
lens of the present invention, six parameters including 
the index of refraction n of the lens material, the 
initial imaging distance g 0 , the intersection positions X 1 
and X 2 of the first and second lens surfaces and the 
optical axis, the optical axis length X If and the scanning 
speed constant K, can be independently varied, with one 
set of parameters defining one lens shape. Therefore, it 
would seem that there are a great number of examples of 
lens with completely different lens shapes. Since it is 
impossible to present all these examples, only typical 
examples thereof will be given. 

Calculations in the following Examples are performed 
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under the following conditions. 

- Index of refraction of lens material: n = 1.486 

- Optical axis length measured from deflecting point to 
scanning plane surface: X z = 200 mm 

- Deflector is a rotating polygon mirror and deflects at 
constant speed 

- Initial meridional imaging distance g m0 is set at 
infinity. That is, the light beam that has not entered the 
scanning lens is a parallel light beam. 

- Only the second surface has a sectional curvature in the . 
sagittal dimension. 

- Initial sagittal imaging distance g s0 is 0. Therefore, 
the rotating polygon mirror reflecting point and the 
scanning point form a conjugate image point, allowing it 
to correct surface tilting. 

The shape of the lens, which cannot be determined 
easily using simple numerical values or numerical 
expressions, is determined from, for example, the results 
of a numerical example. For convenience, the curvature on 
the meridional plane is determined using the known 
aspherical plane coefficient: 



y 



R 



+By 4 +Cy s +Dy B +Ey 



10 




where x is the x coordinate when the x axis is defined by 
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the optical axis, and the point of intersection of the 
surface and the optical axis is defined as the origin. 

The sagittal surface curvature R s2 is determined by 
the following formula: 

R S2 =R° 2 +Ay 2 +By 4 + Cy e +Dy 8 +Fy 10 

When the shape of the lens approximates that of the true 
shape, the error is from about 0,001% to 0.01%. 

In Tables 1 to 3, the coefficients R ml , B x , C lf D lf and 
E 1 defining the shape of the curve on the meridional plane 
of the first surface S x , in Tables 4 to 6 the coefficients 
R m2' B 2/ C 2' D 2 and E 2 defining the curvature on the 
meridional plane of the second surface S 2 , and in Tables 7 
to 9 the coefficients R° s , A s , B s , D s , and E s defining the 
changes in the radius of curvature in the sagittal section 
dimension are determined, changing the parameters G e , X lf 
and X 2 . When a parameter is used in place of the scanning 
speed coefficient K of Formula (18), and the effective 
scanning width is set at 200 mm, the effective deflecting 
angle 8 e is determined by the following formula. 

e s =2m Uad) 

K 

where X x and X 2 define the points of intersection of the 
first surface S x and the second surface S 2 , respectively, 
and the optical axis. The calculations are performed 
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under the same conditions and the same values are used for 
8 e , X lr and X 2 in the parameter set, and the lenses have 
the same shape. The curvatures on the meridional plane 
and the optical paths in several of the Examples 
represented by the tables are illustrated in Figs. 5 to 
12. The curve of each is symmetrical with respect to the 
optical axis, so that the opposite side of each is not 
illustrated. 

On the basis of the structural principles of the 
present invention, the lenses of the Examples are all 
completely corrected for sagittal curvature of field, and 
meridional curvature of field, and have strain 
characteristics which are completely determined such that 
the scanning point moves at a constant speed. 

The above-described aberrations are completely 
corrected in ideal lenses, so that in actual lenses 
curvature of field or distortion occur to a certain degree 
since errors do occur when numerically calculating the 
shape of and manufacturing the actual lens. Obviously, 
there are certain tolerances within which the aberrations 
must lie, so that when the aberrations are within these 
tolerances, the scanning lens is an effective lens. 
Therefore, scanning lenses in which aberrations occur to a 
certain degree are not excluded from the scope of the 
present invention . 



Fig. 13 is a perspective view of the entire optical 
system of the printer laser beam, utilizing an embodiment 
of a lens shape in accordance with the present invention. 
A light beam leaving a semiconductor laser 2 is collimated 
into a parallel beam by a collimator lens 3, and is 
gathered only in the sagittal dimension by a cylindrical 
lens 4 in order to linearly form an image and near the 
mirror surface of a rotating polygon mirror deflector 6. 
After the light beam has been deflected at a constant 
angular speed within the meridional plane, and has passed 
through a scanning lens 1, an image is formed on a 
photoconductive drum 7. In the sagittal dimension, the 
mirror surface and the photoconductive drum surface form a 
conjugate image point, so that the optical system is 
capable of correcting surface tilting. The image point is 
scanned at a constant speed in the axial dimension of the 
photoconductive drum 7 by the scanning lens 1 of the 
present invention, so that an image is formed along a 
straight line, without any curvature of field. The 
photoconductive drum repeatedly rotates one pitch at a 
time upon completion of a scanning, whereby a latent image 
is formed on the photoconductive drum. 

[Advantages] As can be understood from the foregoing 
description, in the optical scanning device of the present 
invention, the scanning lens has a strain characteristic 
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allowing the light beam to move at a constant speed along 
the scanning plane surface, and is a single lens, both 
sides of which are aspherical so that curvature of field 
is zero or almost zero when a light beam scans a scanning 
plane surface. Therefore, even when the scanning lens is 
a single lens, the lens is capable of providing an 
excellent imaging spot with almost no aberrations, 
allowing wide angle deflection, and has a short optical 
axis length. In addition, for the same reason, the use of 
a lens material with a low index of refraction does not 
affect the designing of the lens in any way, so that 
plastic material can be used for the lens. Therefore, the 
optical scanning device is reduced in size and cost, and 
provides high performance. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is a schematic view of the construction of an 
optical scanning device in accordance with the present 
invention, Fig. 2 is illustrative of the structural 
principles of a shape of the lens in accordance with the 
present invention, Fig. 3 is a view illustrating the fact 
that the scanning lens of the present invention can be a 
single lens, both surfaces of which are aspherical, Fig. 4 
is illustrative of a method of calculating the shape of 
the scanning lens of the present invention, Figs. 5 to 12 
are views illustrating the shapes of the lenses of the 
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examples of the present invention, and Fig. 13 is a 
perspective view of an embodiment of the entire light 
scanning device of the present invention. 
1 ... Scanning lens, 2 ... Semiconductor laser, 5 ... 
Polygon mirror, 6 ... Rotating polygon deflector, 7 ... 
Scanning surface ( photoconductive drum) 



